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INTRODUCTION 
Plant breeders have for their main objective the production of 
superior lines in the shortest possible time with minimum amount of 
labor and expense. The methods they employ to obtain this goal depend 
on the crop they handle and available funds. 
The nature of self-fertilizing crops has precipitated the use of 
hybridization as the main source of genetic variability. In hybrid 
populations, transgressivo segregants are desired; however, utility of 
genetic variability is the primary objective. After the generation, 
populations are evaluated and advanced to homozygosity by either the 
Dodigree or bulk method, a modification of one or the other, or a 
combination of both. 
The pedigree system allows the selection of superior types in 
successive generations and demands the maintainance of all parent-
progeny relationships. The record-keeping aspect of this method has 
often made it undesirable to plant breeders. On the other hand, in 
the bulk method, segregating populations are planted and harvested 
en masse. Samples of desired size are obtained later to plant the 
next generation. A larger number of. crosses and individuals within 
crosses can be handled in this system; however, natural selection is 
generally the only form of selection pressure operating in the 
segregating population. Inadequate sampling in each generation may 
also result in the reduction of genetic variability for selection. 
To minimize some of the deficiencies of the bulk method, a 
breeding method kno™ as "single seed descent" was introduced. In 
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this system, each Fg plant is represented by one plant in the F^, 
and succeeding generations. This affords efficient conservation of 
genetic variability available in the Fg and provides maximum variability 
for selection which is done in later generations when the genotypes are 
relatively homozygous. The segregating generations can also be grown 
in the greenhouse resulting in the rapid turnover of generations and 
greater genetic progress per unit of time. 
The objectives of this experiment were to study the character­
istics of varietal blends and hybrid populations generated with the use 
of the single-seed-descent system and three other bulk population 
methods, and to determine the magnitude and importance of natural 
selection on bulk populations. 
3 
REVIEW OF LITERATURE 
Highly enforced selfing in crops such as soybeans limits genetic 
recombination and, therefore, reduces the variability spectrum of a 
hybrid population. RLant breeders had to make and evaluate as many 
crosses as possible to obtain a desirable level of variability for 
selection. The choice on methods of handling the segregating genera­
tions almost invariably narrows down to the use of either the pedigree 
or bulk system. In breeding for economically important characters 
such as yield, the preference for one method over the other is deter­
mined by the probability of obtaining superior genotypes from a given 
cross. This is usually achieved by comparing the means of random lines 
derived from populations advanced to homozygosity using the bulk or 
pedigree systems. 
Raeber and Meber (1953) compared the effectiveness of selecting 
for yield in four soybean crosses by bulk and pedigree systems of 
handling hybrid populations. They used two sampling schemes to 
generate two bulk populations for evaluation in the F^. The first 
scheme, designated phenotypic superior bulk, was developed by growing 
in bulk each of the four crosses in the F^ to F^ generations. In the 
F^, 10 superior plants in each cross were phenotypically selected for 
evaluation. Random bulk was handled similarly up to the Fj^ generation; 
however, in the F^, 40 random plants were obtained for testing. The 
pedigree selections were derived as single Fg plants selected at random 
and subsequently tested on a progeny basis in the Based on this 
test five high- and five low-yielding lines were obtained for testing 
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in the F^. Mean yields based on two years of testing indicated that 
phenotypic superior selection and pedigree high selection were equally 
successful in producing superior lines from a cross. Both were better 
than random selection. Pedigree low gave the lowest average perfor­
mance. Generally, they found small yield differences among the four 
populations. They attributed this to the small sample taken to 
represent each method and the restrictions on maturity and height in 
obtaining the lines for testing. 
Using six soybean crosses, Torrie (1958) also compared the pedi­
gree and bulk breeding methods. Unlike the study given above, he used 
visual selection in determining which lines should be grown in the next 
generation for the pedigree method. His bulk lines were planted in 
solid rows until the when 50 phenotypically superior plants were 
selected in each cross. In each method, the lines were classified, 
based on maturity, as early, intermediate, and late. Significant 
differences for yield were obtained in only one cross, with lines from 
the bulk method being superior to lines from the pedigree method. 
Significant differences on the above cross were observed only on the 
intermediate and late types. The lines developed by the bulk method 
were generally one day later in maturity for both the intermediate and 
late maturity groups and four days later for the early group. 
Voigt and Weber (I96O) used 75 Fg Pl^^s per cross as a germplasm 
base in comparing the bulk, pedigree and family methods of breeding. 
The study was done on soybeans using five crosses. The bulk method was 
developed by compositing two seeds from each of the 75 2^ and 
growing them in bulk up to the generation. In the F^j^, 20 single 
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plants of pood phenotypic agronomic expression were selected for test­
ing in the F^. For the pedigree method they selected three a'gronomically 
desirable plants in the F^ and practiced visual selection among and 
within lines to generate 20 lines for evaluation. To generate the lines 
for the family method, they selected three agronomically desirable F^ 
plants from each of the 75 rows and tested for yield in the F^^. Each 
plant was used as a replicate and the average yield of the three plants 
was considered as the average yield of a particular F^ line. On the 
basis of this test, 20 highest yielding F^ families were selected within 
each cross for testing in the F^. Results they obtained in one year of 
testing showed that the family method produced lines significantly 
higher in yield compared with previously non-yield tested lines of the 
bulk and pedigree systems. There were no significant differences 
between the F^ mean yields of lines by the other two methods. Pedigree 
lines were, on the average, earlier in maturity followed by bulk and 
family lines, respectively. 
Single seed descent has not been tested against any other breeding 
method and no experimental evidence on its usefulness as a breeding 
technique has been published. Goulden (1939) and Grafius (19^5) have 
described it as a rapid means of obtaining homozygous lines from a 
cross. Brim in 1966, without experimental data, gave the following 
advantages of single seed descent as a breeding method : (a) economy 
in space and labor, (b) selection for characters of high heritability 
could be made on single plant basis, (c) several generations can be grown 
in a year by growing two generations in the greenhouse, and (d) rapid 
approach to homozygosity per unit of time. 
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A standard practice in bulk breeding is to plant and harvest 
the segregates in bulk and a random sample of sufficient size is 
taken to plant the next generation. Any form of selection is 
usually deferred until the or F^. If a breeder handles a. lot of 
crosses, it would be more economical to identify and discard undesirable 
combinations as early as in the Fg or F^. Early-generation bulk testing 
has received much attention; however, up to now the results are still 
conflicting. 
Harlan, Martini, and Stevens (19^0) used bulk evaluation on 379 
barley hybrids in the F^ to Fy. They divided the crosses into five 
groups based on their means. Comparison of means of the selections 
from the five classes showed that bulk evaluation gave a good guide 
in pinpointing desirable crosses. Taylor (1951) made the same study 
in 20 bulk barley crosses and concluded that crosses that were high 
yielding tended to produce the greatest proportion of high yielding 
selections, Immer (194-1) also suggested that replicated yield trials 
of bulk Fg or Fj generations should be useful in evaluating yield 
^ potentials of barley crosses. Similarly, Harrington (1940) in wheat 
and Leffel and Hanson (I96I) in soybeans found that evaluation in the 
Fo and F^ are valuable in predicting the desirability of a cross when 
adequately tested across environments, . 
Other workers have found that early generation testing of bulks 
has no value in determining which cross will yield superior segregates. 
Weiss, Weber, and Kalton (19^7) studied early generation bulk testing 
in 17 crosses of soybeans and concluded that it gave reasonably 
accurate evaluation of crosses as to the potential lodging resistance 
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and height of subsequent selections. However, they found it of little 
value in the prediction of potential yield or date of maturity. Kalton 
(1948) also found early generation testing of bulks in soybeans to be 
ineffective in estimating yield potentials before the Fj^. Atkins and 
Murphy (1949) using 10 oat crosses observed that the classification of 
the bulk hybrid oat populations as potentially high- and potentially 
low-yielding crosses on the basis of early generation bulk data was 
not successful. They found that equally as many high-yielding lines 
were obtained from the potentially low-yielding crosses as the high-
yielding ones. Fowler and Heyne (1955) working on 45 wheat crosses 
also observed that highest yielding lines did not necessarily come 
from the highest yielding crosses. 
This lack of agreement between bulk evaluation and performance 
of lines derived from them could be due to (a) inadequate testing 
of bulks and the selected lines, (b) non-fixable component of genetic 
variation, (c) genotype x environment interaction, (d) lack of 
variability in the base population, and (e) natural selection opera­
ting on bulks could lead to a different population in the homozygous 
condition. 
One of the advantages of the bulk population breeding is that 
natural selection plays a role in shifting gene frequencies in the 
bulk genotypes. This might augment the breeders effort in the 
selection of superior genotypes. In some cases, natural selection is 
much keener than the plant breeder in selecting for subtle differences 
related to adaptation (Allard, I960). The survival of a plant in a 
bulk population depends on the amount of seed it produces and the 
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proportion of those seeds that reach maturity. Those genotypes that 
contribute more parents in the next generation will continually 
increase and eventually dominate the population. It is, therefore, 
important to know whether the types that are selected for by natural 
selection are indeed the agronomically desirable ones. 
In a census study involving mixtures of equal amounts of 11 
barley varieties grown at 10 experiment stations in four to 10 years, 
Harlan and Martini (1938) found that, with the exception of three 
locations, the superior genotypes in the bulk are those that are 
commercially outstanding in that particular location. Laude and 
Swanson (19^3) made an equal mixture of two varieties of winter wheat 
and grew them in two locations over a period of nine years. At the . 
end of the experiment, the blend was greatly dominated by the more \ 
adapted variety. In contrast to the experiments given above, Suneson 
and Weibe (19^2) grew mixtures of different barley varieties and of 
different wheat varieties over a period of from 5 to 9 years. They 
found that the survival of varieties in a mixture is not a good 
indication of varietal performance in single stand. They believe this 
result limits the usefulness of the bulk method of breeding since 
segregates that are tested as homozygous genotypes have been competing 
in a population of diverse genotypes. Mumaw and Weber (1957) observed 
the same results in three varietal blends of soybeans grown in five 
years. 
In a segregating generation there are numerous competing geno­
types with varying degrees of heterozygosity and selective advantage. 
Segregation also produces new types that compete against the survivors. 
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Shifts in gene frequency are, therefore, hard to observe and explain. 
Effects on quantitative characters are even much more complicated to 
determine. To have an appraisal of the combined action of factors 
that are involved in natural selection, changes of the population mean 
are often used as an indicator. This is done either by taking the mean 
of the bulk per se or by taking a random sample from the bulk and yield 
testing. 
Adair and Jones (19^6) grew three bulked hybrid populations of 
rice for eight generations. They observed that desired combinations 
of agronomic characters survive in the bulk population, and the method 
could be used to advantage in breeding for disease resistance where 
large populations are necessary for evaluation, Atkins (1948) also 
found that natural selection is effective in increasing the proportion 
of disease resistant types in six oat crosses grown as bulk population 
up to Fy or Fg. Suneson (1956) compared the yield of four barley 
composites with the check variety Atlas 46 in 12 to 29 generations. 
The composites were made by crossing a large number of varieties and 
then growing them in bulk. He observed a gradual improvement in yield 
of the composites up to F^^ generation. One of the composites 
equalled the check yield in the F^ and the rest in the F^^. Rasmusson, 
Beard, and Johnson (196?) mixed 6000 entries of the barley world 
collection and grew the mixture under stress for 6 years. A sample of 
the composite in each year was planted for evaluation in 19^5 and 1966. 
They observed an increasing yield with the increasing number of years of 
natural selection. The rate of increase realized was about 9.5^ of the 
original population for each year of natural selection. 
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In breeding for yield one can easily help natural selection if 
he has information on the association of yield with other plant 
characters important in survival. For example, if seed size is impor­
tant in survival and. highly correlated with yield, screening out of the 
small seeded genotypes can speed up natural selection by having the 
medium types compete with the large types immediately. Association of 
characters could be due to pleiotrophy or linkage, and is measured by 
genetic and phenotypic correlations. The former reflects the associa­
tions of characters devoid of environmental effects, whereas the latter 
is brought about by the interplay of genetic and environmental factors. 
It would be desirable that genotypic'correlation should be high and of 
the same direction with phenotypic correlation so that greater improve­
ment could be achieved by correlated effects. 
Weber and Moorthy studied the genotypic and phenotypic correla­
tions in the Fg of three soybean crosses in 1952. They observed sig­
nificant, positive genotypic correlations between maturity, height, and 
seed weight with yield. The phenotypic correlations were significant 
also, and of the same direction. Johnson, Robinson, and Comstock 
(1955b) also observed high, positive genotypic and phenotypic correla­
tions of yield tfjith maturity and seed weight, Yoshino, Ozaki, and 
Saito (1955) found a high correlation between yield and number of 
branches in the Fg of 11 soybean crosses. Anand and Torrie (I963) 
also reported that high seed yield tended to be associated with 
lodging, tallness, and late maturity. 
Mumaw and Weber (1957) reported that, in soybean composites, 
varieties with branching growth habit increased.in the composites 
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with a corresponding decrease in varieties with nonbranching growth 
habit. Mlddleton and Chapman (19^1) observed that natural selection 
favored awned over hooded types in a barley composite hybrid. Three 
years of yield test with bulked segregates showed that the awned 
types were superior to the hooded types in yield. Adair and Jones 
(1946) working on bulk hybrid rice populations observed that date of 
heading and height were important in competition and survival. 
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MATERIALS AND METHODS 
Genetic Materials' and Sampling Schemes 
The three crosses used in this study were made at Ames, Iowa in 
1962. The cross number designations and the parents are the following; 
AX221 Harosoy 63 x P.I.31.122 
AX222 Harosoy 63 x P.I.84.666-1 
AX232 M56P64_1 X P.I.84.666-1 
P. 1.31*122 and P.1.84.666-1 are plant introductions from China. 
AX56p64--1 is a homozygous line selected from the cross Harosoy x 
Adams. Harosoy 63 is a homozygous line derived from an eight cycle 
backcrossing program in which Harosoy and KLackhawk were the recurrent 
and non-recurrent parents, respectively. 
The generation was grown at Ames in I963 and the seeds were kept 
in the cold storage until 196$, when the progenies were planted at 
Amos. Two hundred plants of each maturity group (early, medium and 
late) were obtained randomly from the Fg population of each of the 
three crosses. Each cross was, therefore, represented by 6OO plants. 
The sampling schemes, characteristic of four bulking methods, were 
imposed on these plants. The methods and the description of the sampling 
procedures are as follows: 
Method Sampling scheme 
Single seed descent (SSD) - One two-seeded pod was picked 
from each of the 6OO plants in 
a cross. One seed from each of 
the 600 plants was bulked to 
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plant the F^. 
Restricted cross bulk (RGB) - A 10 cm sample was obtained from 
the middle of the same 600 plants 
with the use of a mower. The 
sample for each cross was threshed 
in bulk and 600 random seeds were 
obtained to grow the F^. 
Maturity group bulk (MGB) - The 200 plants in each maturity 
group were threshed separately and 
the seeds bulked, A sample of 
200 seeds was taken from each of 
the three maturity groups and 
planted separately in the F^. 
For each cross, there were, 
therefore, three sub-groups of 
200 seeds each. 
Cross bulk (CB) - A composite consisting of 200 
seeds from each of the three 
maturity groups in the within 
a cross was grown in bulk in the 
F^ generation. 
The sampling schemes described above generated 12 populations in the Fg. 
There were four populations for each cross based on bulking method, and 
three populations for each method. 
In the F and F generations of SSD and. RGB populations, the 
3 4 
sampling procedures of these two methods as previously described were 
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repeated. For MaB, plants in each maturity group within a cross were 
reclassified into early, medium, and late, and planted separately in 
the F^ and F^j.. The reclassification was made independently for each 
cross. The medium types matured about 5-7 days later than the early 
plants and the late class matured about 7-9 days after the medium 
types. Each of. the three populations under CB was prown separately as 
bulk in the F^. A sample of 600 seeds was taken at harvest to grow the 
F^ generation. The F^ and % generations of all populations were 
planted at Ames, Iowa and Santiago, Chile, respectively. 
Stands differed in the three crosses in the F^ generation due to 
differences in germination, competition, and damage in the culture 
of the plants. AX221 and AX222 were reduced to about ^75-550 plants in 
the four methods, whereas AX232 was reduced to 440-475 plants. To 
offset any further loss of plants the number of séôds used to plant the 
was raised to 759 seeds per method per cross (the number needed to 
plant a 3 row plot). This was accomplished by resampling each of the 
12 populations. The size of the sample taken varied according to the 
amount needed to raise a particular population to 759 seeds. 
The Chile planting (P^) was irrigated and the water was turned 
off before physiological maturity. It is possible that some of the late 
genotypes were eliminated in this generation. Five hundred twenty-five 
seeds were obtained for each of the 12 populations to plant the F^ 
generation. 
The F^ progenies were space planted at Ames in I967. The plants were 
grown 25 cm apart in rows spaced 102 cm. To compare the four bulk 
methods, 45 random plants were selected in each cross for SSD, RGB, and CB 
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methods. These were then classified into early, medixun, and late. Di 
the MGB populations, 15 random plants per maturity group were obtained. 
In some populations of SSD, RGB and CB, the number of plants in each 
maturity group was few. A second sample of six plants restricted for 
maturity was taken to increase the number of plants in these deficient 
maturity groups. 
The basic unit per method per cross in the test generation (F^) 
was composed of 4$ random lines, six lines added for deficient maturity 
groups, two parents, and three standard checks. The checks were 
Chippewa 64, Corsoy, and Wayne, The field tests were conducted at 
Ames and Kanawha, Iowa in I968, 
Genetic Structure of the Bulk Populations 
Cross pollination in soybeans is less than 0,5^; therefore, valid 
assumptions that could be made about the base population (Fg) are the 
following; (a) gene frequency is 0.5, (b) two alleles per locus and 
(c) all reproductions in the subsequent generations are exclusively by 
self-fertilization. Assuming further that the size of sample was 
adequate to offset genetic drift, the genetic structure of the four 
bulk populations in the base generation is such that they have equal 
means and variances. Changes in these two population parameters in 
subsequent generations, assuming no differential selection in the 
gametic level, is due to the effect of natural selection. 
The behavior of the population means can be understood if we look 
at a simple case of one locus, where gene action is due to additive 
effects and dominance deviations. The structure of the Fg population is: 
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Genotype Frequency Coded Genotypic Value (y^^) 
AA ^(1 + F) U 
Aa i(l - F) aU 
aa i(l + F) -U 
the mean is Efy^) = i (1 - F) all 
Therefore, with no selection, epistasis and linkage the mean is a 
function of F and at F = 1, E (y^^) = 0 or is equal to the mid-parental 
value. Now assuming that the "A" allele is the favorable allele and if 
natural selection acts such that the "aa" genotypes are completely 
selected against, then the mean becomes: 
E(y,) = 
_ fl+F)U + 2(l-F)aU 
3-F 
and at F = 1, E(y.)= 2U/2 = U, However, if natural selection acts such 
• X  
that the "AA" individuals are selected against, then the mean of the 
population is: 
E(y,) . U , . „ , at F = 1 
Therefore, the limit of the mean is iU, When there is no natural 
selection the means of the four populations are equal and are likewise 
equal to the raid-parental value. When in any of the four bulk popula­
tions, natural selection acts such that the favorable alleles are 
favored the mean of that population will be greater than mid-parental 
value; however, if natural selection favors the recessive genotype the 
mean of the population will be lower than the value of the mid-parent. 
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Therefore, a comparison of the means of the four bulk populations 
against the mid-parental value and among the populations gives an 
indication of the nature and magnitude of natural selection. 
In this study all subsequent generations were maintained as bulks 
up to the where the random lines were generated. Conceptually, the 
total genotypic variance among these plants can be sub-divided into 
(Horner, Comstock and Robinson, 1955): 
Fg sub-populations within an F^ population 
" " " Fg sub-population 
11 II „ It 
F^ II II II " 
where an F^ sub-population is defined as consisting of all F^ plants 
that are descendant of the same Fg plants and an sub-population is 
the totality of F^ plants that are descendants of the same F^ plants., 
Now for a given set of Fg sub-population in each of two later genera­
tions, say F^ and' F^, there will be one or more F^ sub-populations, 
within each F^ sub-population there will be one or more Fj^ sub-popula­
tions, and so forth. The total genotypic covariance of F^ plants with 
the means of their descendants in the F^ generation can be sub-divided 
into ; 
Within the F^ population of F^ sub-population means in 
the F and F generations J 
Within Fg sub-population of F^ sub-population means in the 
F^ and F^ generations 
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Within F, _ sub-population of F, sub-population means in 
K""l JC 
the F^ and F^ generations 
Within F _ sub-population on F„ sub-population means in 
n—X n 
the F^ and F^, generations 
The formula used to evaluate these relationships is: 
Cov(X,X'/k,k-l;n,n') ; where 2<k<n^' 
which is equal to the oovariance within F^ ^  sub-population of the F^ 
sub-population means in the F^ and F^, generation. And when F^ = F^, 
the oovariance becomes a variance. The genetic expectation of these 
covariances under an additive with dominance model is; 
Cov(X,X«/K,K-l;n,n») = Va/z^-Z + 
where ; Va = additive genetic variance 
Vd = variance due to domi­
nance deviations 
A simpler notation commonly used is : 
Cov(X,X*/k;n,n*) = total oovariance of genotypic means of 
Fjj sub-populations in the F^ generation 
with the respective means of the same F 
k 
sub-population in the F generation. 
n' 
As before the oovariance becomes a variance when n = n*. In this study 
assuming no genetic drift and natural selection the four methods have 
equal variances in the F^ with an expectation equal to: 
Cov(X,X«A;5.5) = Cov(X.X»/2,l;5.5) + Cov(X,X'/3.2;5,5) 
+ Cov(X.X»/^.3;5.5) 
= 7/4 Va + 7/64 Vd 
19 
Therefore, differences in magnitvide of genotypic variances in the four 
populations reflect the effects of natural selection on these popula­
tions. 
Experimental Design and Parameter Estimation 
The experiment was in a split-plot design with six replications. A 
hill 51 X 51 cm in area was the basic experimental plot. Each hill was 
planted with five plants in the four corners and nine plants in the 
center. The experimental unit was the center plants and was later 
thinned to five plants. 
Hills as experimental plots for soybeans are becoming popular 
because of the low seed requirement for planting and economy in the use 
of land, Sentz (1958) reported that ranking of soybean varieties was 
similar for height and maturity under hill and row plots. However, 
results for yield were not consistent. He further observed that soy­
beans grown in rows were higher in yield, later in maturity and taller 
than when grown in hills. Torrie (1962) also observed higher mean 
seed yield in row than in hill plots » He also observed that differences 
in seed yield among varieties were of the same general magnitude 
whether planted in hills or rows. The coefficient of variability was 
larger in hills (10 - 20^) compared to row plots (7 - 13#). Fehr 
(1969) compared the merits of 5-plant hills, 51 x 91 cm rows, and 102 
X 305-cm rows in evaluating intergenotypic competition in soybeans. 
Coefficients of variation that he observed for the above plots were 
13, 16 and 7#, respectively. He observed high correlations, which 
were significant at the Sh level of probability, between hills and 
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102-cm rows for pure stand in all characters except lodging. He 
concluded that about 10 replications in hills are necessary to have 
equivalent precision in detecting differences compared to 102 x 305-cm 
rows of three replications. 
Hill plots have considerable importance in the evaluation of lines 
developed by single seed descent. This could save one growing season 
that would otherwise be spent in seed increase. This was the case in 
this study, for testing could have been possible in the only if 10-
foot rows were used as the field plots. 
The characters studied In this experiment were the following: 
seed yield - grams per plot, air dried to uniform moisture 
maturity - days after August JL; 95 - 100# of pods turned brown 
lodging - scored at maturity; scale ranged from 1 (all plants 
erect) to 5 (all plants prostrate) 
height - centimeters from ground level to terminal bud; 
measured at maturity 
seed size - weight in grams of 50 air dried seeds 
Maturity and seed size were obtained in the first three replications of 
both locations, whereas the other data were taken in all six replica­
tions. Because of hail damage at Ames, lodging and height were not 
taken at this location. 
The model for the combined analyses of the Ames and Kanawha 
plantings can be written as: 
= * + Li + Rij + Ck + (LOik + B (.) + + (LD)j^ 
+ (CD)ki * + B(b) + 
+ E (c) 
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where; u = population mean 
= effect of the ith location; i = 1 - 2 
= effect of the jth replicate on the ith location; 
j = 1 - 3 
= effect of the kth cross; k = 1 - 3 
(LC)ik = interaction of the ith location with the kth cross 
E(a) = main plot error 
= effect of the 1th method; 1 = 1-4^ 
E(b) = sub-plot error 
Fn = effect of the mth line within the kth-lth cross-method KjJTl 
combination; m = 1 - 56 (^5 random lines and 11 parents 
and checks) 
E(c) = pooled error 
The rest of the terms in parentheses are the interactions of effects of 
the variables in the parentheses. This model leads to an analysis of 
variance as shown in Table 1, The variance expectations were derived 
assuming locations and lines as random and crosses and methods fixed. 
Table 1 is appropriate only for maturity and seed size. Yield was 
computed separately for Ames and Kanawha, but no combined analysis was 
made because in the individual analysis no significant differences in 
the 55^ probability level were obtained among methods. The analyses of 
variance for height and lodging score are different from Table 1 in 
number of locations and replications. Both characters were taken only 
at Kanawha in all replicates. 
The sum of squares for lines in Table 1 was sub-divided into random 
lines with 44 degrees of freedom and parents and checks with 10 degrees 
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Table 1. Analysis of variance for combined Ames and Kanawha data^ 
variation d.f. Expected mean square 
Locations (L) (1-1) 1cm 0^ + 2 rem 
Replications/L l(r-l) Oa + 1cm 0^ 
Grosses (C) 
L X C 
(c-1) 
(1-1)(c-1) 
o2 + 
a 
2 rm 0, 
Ic 
""ic 
+ rml k^c 
Error (a) l(r-l)(c-l) 
a 
Methods (M) (m-1) °L + rol o2 
L X M (l-l)(m-l) 
"L 
C X M (c-1)(m-1) og + + 
L X G X M (1-1)(c-1)(m-1) + D 
2 r 0, 1cm 
Error (b) lc(r-l)(m-l) 
Lines (G) 
L X G 
cm(g-l) 
cm(l-l)(g-l) 
+ 
0^ + 
r + n of 
" °|l 
Pooled Error lcm(r-l)(g-l) a2 
^•Locations and lines were assumed random, crosses and methods fixed. 
of freedom for each cross-method combination. The random lines were 
analyzed at both Ames and Kanawha to obtain estimates of genetic 
variance free of genotype x location bias. Similarly, the line x 
location sum of squares was sub-divided and analyzed for the two loca­
tions to obtain an estimate of the variance due to genotype x environ­
ment interactions. This sub-division gave 12 independent analyses of 
variance with the following stnicture: 
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Source of variation d.f. M.S. E.M.S. 
Lines g-1 % o^e + r o^gl + rl 
Locations 1-1 Mg a^e + r a^gl 
Error 
% 
(g-l)l(r-l) a^e 
where; a| = Cov(X,x'/4;5,5) = 7/4 Va + 7/64 Vd 
Each cross-method combination was considered as an independent estimate 
of the above covariance because a test for homogeneity using Bartlett's 
method indicated that the mean squares of the errors were not homogeneous 
among crosses. The following F tests were made on the above analysis 
of variance ; 
F(l_l),(g-l)l(r.l) = Mg/iy; tests the Ho: = 0 
^(g-l),(l-l) = : tests the Ho: 0% = 0 
To compare the different estimates of a confidence interval of size 
a = .05 was obtained for all the that were significant at the 5^ 
level of probability in the above F test (Snedecor and Cochran, 1967). 
Estimates with intervals that mutually overlap were considered to be 
equal in magnitude, 
Heritability (narrow) estimates in per cent were obtained using 
the following formula: 
H = {ollch X 100 
S P 
where: 
- M2)/rl 
= (Mg - MgP/r 
= g + gl/l + ®/rl 
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Broad sense heritability estimates were computed also for all the 
characters studied at each location. Heritability values of these 
types have the following components: 
The numerator and denominator are the biased estimates of genetic 
variance and the phenotypic variance, respectively. 
Genetic advance as per cent of the mean was calculated for each 
location and on the combined data using the following formula; 
Genetic Advance = (k op H) x 100/ x 
where k = 2.06 is the selection coefficient when the 
top 5^ of the lines are selected 
Sampling in Varietal Blends 
The influence of the sampling schemes, previously described for 
the four bulk methods, and an additional restricted sampling technique, 
and natural selection on varietal blends were studied on four soybean 
populations of known composition (Table 2). The new sampling technique 
(MS) was accomplished with the use of a scythette. The plants in a 
population were cut at harvest to about 30 cm above the ground using the 
scythette. A sample of about 10 cm was then taken using the same machine. 
A mixture of equal amounts of eight soybean varieties that differed 
by about five days in maturity constituted the first population. The 
other populations were mixtures of equal amounts of 11 varieties. 
Maturity varied by about 25 days in population 2 and was constant for 
populations 3 and 4. Jn the latter two populations, lodging was the 
important variable with population 4 lodging more heavily compared to 
25 
Table 2, Characteristics of the lines in the blends and the compo­
sition of each nonulation 
Lines Seed coat 
color 
Hiltim 
color 
Seed 
shape 
Ma— T J • 
tur-
ity score* 
I 
Popu­
lation 
compo­
sition 
II III IV 
Traverse Yellow Yellow Round 9- 4 MR X 
P.I.. 79610 Green Black Round. 9- 5 R X X X 
Chippewa Yellow Black Round 9- 7 R X 
Bombay Yellow Yellow Round 9-13 MR X X 
Provar Yellow Brown Round 9-14 R X X X 
Blackhawk Yellow Buff Round 9-14 MR X X 
Lindarin Yellow Buff Round 9-14 R X 
T85 Fleck Flower Black, flecked Black Oblong 9-19 S X X X 
Kanrich Yellow Yellow Round 9-22 MR X 
Kim Light green Black Round 9-23 MR X X X X 
Adams Yellow Buff Round 9-24 R X 
P.I. 86145 Brown with 
black rings 
Black Round 9-25 S X X X X 
Kura Brooks Light green Black 
saddle 
Fiat 9-28 MR X X X X 
Wayne Yellow Black Round 9-28 R X X 
Ford ik Yellow Black 
saddle 
Round 9-29 S X X X X 
Bavehder special Yellow Black Round 9-29 S X 
TI60 Pale Green 
Hahto 
Light green Light 
black 
Round 9-29 MR X X X X 
^R-resistant ; MR-rnodorately resistant and S-stisceptible, 
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population 3. The differences between these blends and the hybrid 
populations are that in the former, (a) there are relatively few classes, 
at most 11, (b) there is no segregation, and (c) natural selection 
influenced the population once. 
Each sampling method was imposed in a separate row of each popu­
lation except SSD which was done in every row of all populations. The 
compositions of SSD populations were considered the check since all 
plants were sampled and represented by only one seed. There were 
differences between the compositions of the original blends and the SSD 
populations because of seed inviability and damage in plant culture. 
The above differences were, however, not relevant to the purpose of 
this particular part of the experiment which was to compare the sampling 
efficiency of the five methods. 
To attain the above objective, three 100-seed samples from RGB, 
MGB, CB and MS for each of the populations were obtained. The mean 
varietal composition of the three samples of a population was fitted 
using chi-square to the varietal composition of the SSD bulk of that 
population. The departures of the different methods from SSD was the 
criterion used in comparing the efficiency of the four methods to SSD, 
The chi-square values were transformed into Vx+l and a split-plot 
analysis was imposed on the results with populations as main plots and 
methods as subplots. Crosses and methods were assumed to have fixed 
effects. 
2? 
RESULTS 
General Conditions of the Test 
Temperature and precipitation data for I968 at Ames and Kanawha 
as deviations from the average conditions are presented in Table 3* 
Temperatures were lower than average from July to September at both 
locations. Precipitation was below average in the months of May, 
July and August for Ames» and May and August for Kanawha, The mean 
precipitation of this 5-month period was, however, greater than average 
at both locations, A hail storm hit Ames when the plants were about 
stage 2,^ This caused loss of some plants and breakage of the main 
stem of other plans. Because of the hail damage, plant height and 
lodging scores were not recorded at Ames, Excessive precipitation at 
Kanawha in October delayed harvesting because the plants were too wet 
for threshing. 
The coefficients of variability of the different characters in the 
two locations are shown in Table 7» AH values were generally in an 
acceptable range except for yield and lodging score. Covariance 
analyses using plant number and hail damage score in Ames and plant 
number in Kanawha were not effective in lowering the experimental 
errors. This could be due to the fact that plant number did not vary 
much in Ames and Kanawha and the hail score was not an efficient 
measure of the effects of hail on the plants. 
^ELants have three trifoliate leaves completely unrolled, fourth 
one beginning to unroll. 
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Table 3. Mean monthly temperature and precipitation data with • 
deviations from average for the growing season at Ames and 
Kanawha, Iowa, I968& 
Temperature (oc) Precipitation (cm) 
Month Ames Kanawha Ames ir— 
Average Devia­
tion Average 
Devia­
tion Average 
Devia­
tion 
Average Devia­
tion 
May 14.2 -2.0 13.0 -2.3 6.12 - .83 6.40 -4.04 
June 21.8 0.1 21.2 0.4 23.09 9.68 19.58 6.73 
July 22.6 
-1.9 21.9 —1.6 5.72 -4.14 11.10 2.41 
August 22.3 -0*8 • 21.7 —0.6 8.46 -1,47 4.80 -5.00 
September 17.0 —1.4 16.6 -0.7 10.87 2.59 11.30 3.15 
Mean 19.6 -1.2 18.9 -0.9 5^^.25** 1.83**53.19** 3.25** 
^Data from the Iowa Section of the Weather Bureau, United States 
Department of Commerce. 
**Total cm of precipitation. 
Performance of Parents and Check Varieties 
The mean performances of parents and checks at the two test 
locations are presented in Table 4. No significant differences in 
yield were observed among the parents and checks at Ames, although the 
plant introductions had the lowest yields, ]h Kanawha, Harosoy 63, 
AX56p64-1, and Wayne were significantly better than P. 1.84.666-1. The 
other varieties did not differ in yield. Based on combined data the 
parents exhibited a wide range of maturity with Chippewa 64 maturing on 
September I3 and Wayne on September 28. The parents and checks did not 
differ statistically in seed size, except P.I.31.122 which had a seed 
Table 4. Mean performance of the parents and check varieties at Ames (A), Kanawha (K) and 
combined (C) 
Parents and Yield (g/plot) Maturity Seed size (e/50s) Lodging Height (cm) 
checks AKCC^aAKCAKCK K 
Harosoy 63 48.2 51.6 49.9 1925 18 19 18 8.3 9.1 8.7 1.6 97 
P. 1.31.122 46.8 44,8 45.8 1767 14 15 14 10.8 11.6 11.2 1.5 78 
P.I.84.666-1 45.7 35.5 40.6 1566 17 19 18 8.8 8.8 8.8 2.1 97 
AX56P6iul 53.4 50.0 51.7 1994 22 24 23 8.6 9.4 9.0 1.7 97 
Chippewa 0^ 51.5 46,2 48.8 1883 12 13 13 8.0 8.8 8.4 1.3 82 
Corsoy 52.0 49.2 50.6 1952 19 18 18 7.8 7.8 7.8 1.6 90 
Wayne 57.8 51.3 54.6 2106 28 29 28 8,5 8.5 8.5 1.8 97 
LSD .05 17.2 13.9 +++ 3.0 3.0 2.1 0.9 1.0 0.7 0.4 9.0 
.01 22.5 18.2 +++ 4.0 4.0 2.8 1.2 1.3 0.9 0.6 12.0 
^Combine yield converted to kilograms per hectare. 
•H-fNo test made. 
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size of 11.2 gm per 50 seeds and was significantly (Pc.Ol) greater than 
the means of the other parents and checks» The parents and checks 
were generally of desirable lodging characteristics. The lowest score 
of 2,1 was obtained by P. 1.84.666-1. The test showed differences in 
plant height between the varieties and checks. 
Differences Between Crosses 
The magnitudes of differences in plant characteristics of the 
parents in the three crosses are shown in Table 5. The test was not 
able to detect differences in yield between the parents of the three 
crosses even though parents of AX222 gave a value of 9*3 gm per plot. 
The performance of the 45 random lines across methods in each 
cross is shown in Table 6, The analyses of variance for these data are 
presented in Table 7. AX232 was significantly higher (P<.01) in yield 
than AX221 and AX222 at Ames. AX221 and AX222 also did not differ in 
their yields at Ames. At Kanawha, AX221 and AX232 were not different 
in yield but were significantly higher in yield than AX222 (P<,01). 
Based on the combined data, the random lines in AX232 had the highest 
yield, followed by those in AX221 and AX222, respectively. 
Table 7 shows that the crosses differed in maturity at Ames, 
KanaWia, and in the combined data. AX221 was significantly earlier 
in maturity compared to the other two crosses (Table 6). AX221 and 
AX232 had similar seed size in Ames, Kanawha, and in the combined data 
(Table 6), The above two crosses were significantly higher than AX222 
at the 1^ level of probability. This could be due to P.I.31.122, the 
male parent in these two crosses. Table 6 also shows that AX221 and 
Table 5. Magnitude of differences in plant characteristics of parents in the three crosses 
Cross Yield®" Maturity^ ^eed size Lodging^ Height 
(g/plot.) (g/505) (cm) 
AX221 4.1 4** 2.5** 0.1 19** 
AX222 9.3 0 0.1 0.6** 0 
AX232 .5.9 9** 2.2** 0.2 19** 
^Based on combined Ames and Kanawha data. 
^Based on Kanawha data only. 
•**Significant at the 1^ level of probability. 
Table 6. Means of crosses across methods for different characteristics observed at Ames, Kanawha 
and combined 
C h a r a c t e r s  
Crosses Yield* Maturity^ Seed sise^ Lodging^ Height®" 
^ (g/plot) (g/50s) (cm) 
Ames 
AX221 49.1 16 9.50 
AX222 49.2 18 8.64 
AX232 52.2 17 9.42 
Mean 50.2 1? 9.19 
LSD .05 1.8 1 0.14 
.01 2.6 2 0.24 
Kanawha 
AX221 48.0 17 10.07 1.5 84 
AX222 43.3 19 8.68 1.8 95 
AX232 48.3 18 10.09 1.5 87 
Mean 46.5 18 9.61 1.6 89 
LSD .05 2.0 <1 0.47 0.2 3 
.01 2.9 1 0,79 0.3 5 
Combine 
AX221 48.6 16 9.78 
AX222 46.2 18 8.66 
AX232 50,2 18 9.75 
I3D .05 +++° <1 0.21 
.01 +++ 1 0.30 
^Data taken from 6 replications. 
^Involves replicates 1, 2 and 3 only. 
^tt+No test made. 
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Table ?. Mean squares and coefficients of variability for all characters 
at Ames, Kanawha and combined 
Sources 
of Yield Maturity Seed size Lodging Height 
variation , 
Ames 
Cross (C) ^,06l.6++ 898.5*» 150.3** 
Error (a) 464.9 49.0 0.9 
Method (M) 434.5 12.0 4.5 
C X M 866.3 55.1 0.2 
Error (b) 418.5 25.9 1.9 
Lines 362.3** 33.7*» 1.9** 
Error (c) 230.0 4.4 0.3 
c.v.(2) 30.1 12.4 6.3 
Kanawha 
Cross 10,480.1** 1.882.4^+ 434.&*• 48.8+ 42,399.8** 
Error (a) 559.6 14.5 9.8 6.5 1,466,6 
Method (M) 556.0+ 113.2^* 6.7** 7.0++ 3,416.9** 
C X M 65.1 92.7** 3,2** 2.7* 1,046,1+* 
Error (b) 228.3 6.6 0.6 1.2 304.1 
Lines 235.8** 46.8** 2.8++ 48.1*# 368.5** 
Error (c) 151.2 2.8 0.4 0.145 60.0 
c.v.(2) 26.4 9.1 6*8 23.7 8.7 
Combined 
Locations (L) 322.9** 185.3** 
Crosses (C) 2,690.4++ 546.5+ 
C X L 90.5 38,0* 
Error (a) 31.8 5.4 
Method (M) 96.5** 10,5** 
M X L 28.7 0,7 
M X C 104.8 1.3 
M X L X C 43,0+ 2.0 
Error (b) 16.2 1.3 
Lines (Li) 74.9*+ 4,1** 
Li X L 5.6** 0.6++ 
Error (c) 3.6 0.4 
C.V.(#) 11.1 6.8 
•fEîxceed F value at lOjS level of probability. 
•Exceed F value at 556 level of probability. 
••Exceed P value at 1$ level of probability. 
JH. 
AX232 had lower lodging scores and were shorter than AX222. 
An examination of Tables 5- 13» and 15 show that, with the exception 
of yield, the greater the differences between the parents, the greater 
the amount of genetic variance for the character, A correlation of 0,31 
was observed for the above relationship which was not significant for 
n = 12 (Table 8). The means of the popiilations were, however, correlated 
with the magnitude of differences (r = O.65) and this correlation was 
significant at the 55^ level of probability. Usually there was a reverse 
relationship between the number of transgressive segregants in a cross, 
and the magnitude of differences between parents of a cross. 
Performance of the Random Lines in the Four Bulk Populations 
Analysis of means 
Table 7 shows that the four methods did not differ in the three 
characters studied at Ames; however, they differed in all five 
characters at Kanawha, The means of the methods across crosses are 
shown in Table 9. No LSD was computed for Ames because the F tests 
were not significant. In Kanawha, SSD had a higher yield than all 
other methods at the lOjS level of probability. The latter three methods 
did not differ from each other. SSD and MGB were one day earlier than 
RGB and CB for maturity in Kanawha and in the combined analysis (Table 9)<. 
In Kanawha, RGB was also significantly lower in seed size than the other 
three methods, M3B and CB did not differ significantly in seed size, 
but the former was lower than SSD at the 5^ level of probability. Ih 
the combined analysis SSD and CB have similar means for seed size 
(Table 6) and both were significantly higher than that of RGB. SSD was 
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Table 8. Magnitude of character differences, population means, 
genetic variances and percent transgressive segregants for 
four agronomic characters and correlations of the character 
differences with the other parameters 
Character Cross Differences Population 
mean 
Genetic 
variance 
Per cent 
transgressive 
sepirescants 
Maturity AX221 4 16.0 9.92 31 
AX222 0 18.0 7.30 36 
AX232 9 18.0 7.77 31 
Seed size AX221 2.5 9.8 0.56 2 
AX222 0.1 8.7. 0.31 19 
AX232 2.2 9.8 0.50 0 
Lodging AX221 0,1 1.5 0.04 3 
AX222 0.6 1.8 0.08 2 
AX232 0.2 1.5 0.05 46 
Height AX221 19 84.0 37.00 1 
AX222 0 95.0 82.00 31 
AX232 19 87.0 32.00 1 
Correlation 0.65* 0.31 - 0.25 
* Significant at the 5^ level of probability. 
also higher than MGB at the 5/^ level of probability; however, MGB and 
CB did not differ in their means statistically, MGB was likewise 
higher than RGB in seed size at P < .05, 
Cross X method interaction was not significant for any character 
at Ames; however, it was significant in all characters except yield at 
Kanawha, The means of the methods in each cross at Ames, Kanawha, and 
Table 9. Means of methods across crosses for all characters at Ames, Kanawha and combined 
Methods Yield* 
(g/plot) 
Matxirity^ 
C h a r a c t e r s  
Seed size^ 
(g/50s) 
Lodging^ Height^ 
(cm) 
Ames 
SSD 50.0 17 9.30 
RGB 50.5 17 9.08 
KGB 50.9 17 9.19 
CB ^9.^, 17 9.16 
++ d •H* ++ 
Kanawha 
SSD 47.6 17 9.72 1.5 87 
RGB 46.0 18 9.46 1.7 91 
MTB 46,5 17 9.60 1.6 89 
CB 46.0 18 9.67 1.6 88 
ISDC ft 0.9 <1 0.10 <.l 2 
P2 1.2 1 0.14 0.1 3 
Combine 
SSD ^.8 17 9.52 
RGB 48.2 18 9.27 
MGB 46.7 17 9.40 
CB 47.7* 18 9.42 
ISD .05 +++ <1 0.10 
.01 +++ 1 0.14 
^Data taken from 6 replications. 
^Involves replicates 1, 2 and 3 only. 
= .10 for yield, ,05 for other characters; Pg = .05 for yield, .01 for other characters, 
test not significant at 10^ level of probability. 
test made. 
combined are sho;«i in Table 10. An LSD for testing the differences for 
any two methods in.the same cross is given for characters that showed 
significant F test. 
SSD, RGB, and CB had similar maturity means at Kanawha in AX221 
and were significantly later in maturity than MGB. RGB and GB were 
significantly later in maturity than MGB and SSD in AX222 and AX232, 
SSD had the earliest maturity in these two crosses and was significantly 
earlier than that of MGB. 
For seed size SSD and CB had similar means at Kanawha in AX221 
and both were significantly higher than RGB and MGB. The latter two 
methods had equal means. In AX222, SSD had the highest mean and was 
significantly different from those of the other methods at the 5/S level 
of probability. The means of RGB and MGB and of CB and RGB were similar 
however, MGB had a significantly higher mean than CB, In AX232, SSD, 
GB and MGB had similar means and were all significantly higher than the 
mean of RGB. Almost the same relationships among methods occured in 
the combined data for seed size. 
The four methods did not differ significantly in their lodging 
score and height at Kanawha in AX221 (Table 10), Failure to observe 
lodging differences could be due to tight linkages in coupling phase, 
since the parents differed significantly in height, or to the lack of 
differences in gene frequency for height in the four bulk populations. 
In AX222, RGB had the largest lodging score and was significantly 
different from the lodging scores of the other methods. This result 
could be due to the significantly greater height that RGB had in 
Kanawha and the high correlation between lodging score and plant height 
Table 10. Means of 45 random lines for each cross-method combination at Ames (A), Kanawha (K) and 
combined (C) 
Cross Method 
Yield 
(a/plot) Maturity 
Seed size 
(s/50s) Lodging 
Height 
(in) 
A K C A K C A K G K K 
AX221 SSD 
RGB 
MGB 
CB 
50.7 
48.2 
50.9 
46.9 
48.6 
46.8 
48.1 
47.5 
49.6 
47.3 
49.4 
47.2 
16.4 
15.6 
15.3 
15.0 
16.2 
15.7 
14.4 
15.9 
15.3 
15.6 
14.8 
15.4 
9.67 
9.47 
9.56 
9.60 
10.43 
9.97 
9.97 
10.39 
10.05 
9.72 
9.76 
10.0 
1.52 
1.60 
1.49 
1.53 
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86 
83 
83 
AX222 SSD 
RGB 
KGB 
CB 
48.0 
50.6 
49.9 
47.8 
45.1 
42.4 
42.7 
42.6 
46.5 
46.5 
46.3 
45.2 
17.4 
17.8 
17.6 
18.4 
17.4 
19.3 
18.3 
19.3 
17.4 
18.8 
18.0 
18.8 
8.90 
8,54 
8.69 
8.67 
8.95 
8.65 
8.73 
8.54 
8.92 
8.60 
8.71 
8.60 
1.61 
2.05 
1.87 
1.86 
92 
100 
96 
96 
AX232 SSD 
RGB 
MGB 
CB 
50.7 
54.3 
50.5 
52.0 
49.6 
48.6 
48.1 
47.8 
50.6 
51.5 
49.3 
52.6 
16.9 
18.3 
16.7 
18.1. 
17.2 
19.0 
18.4 
19.0 
17.0 
18.6 
17.6 
18.6 
9.68 
9.46 
9.49 
9.56 
10.24 
10.07 
10.33 
10.42 
9.96 
9.76 
9.91 
9.99 
1.44 
1.51 
1.50 
1.46 
85 
90 
88 
89 
I3D& 
.05 
.01 44-
++ 
•H- +++ 
++ 
•Hi-
0.6 
0.8 
•H* 
"H* 
++ 
•M-
0.18 
0.24 
OolO 
0.14 
0.16 
0.22 
3 
4 
®Use in testing any two methods on the same cross. 
^44=? test not significant at the 10^ level of probability, 
test made» 
(r = .92, Table 11), CB and MîB had similar means for height and 
maturity and were significantly different from that of SSD in both 
characters, Di AX232, the methods did not differ significantly in their 
lodging scores. Also RGB, MB and CB did not differ in their heights. 
However, CB and RGB were taller than SSD at the 59^ level of probability; 
I4GB and SSD did not differ in their heights statistically. 
Genetic variance 
Estimates of genetic variance of the random lines for each method 
in the three crosses grown at Ames and Kanawha are shown in Tables 12 
and 13. At Ames, CB and MGB had similar estimates for yield in AX221, 
whereas SSD and MGB had similar estimates in AX222, The other methods 
in each of the above crosses had nonsignificant F tests, signifying 
that they were not different from zero. In AX232, RGB had the highest 
estimate for yield and was significantly higher than that of CB, MGB 
and CB did not differ significantly in this cross. In Kanawha, RGB 
had the highest estimate for yield in AX221 and was significantly 
different from that of SSD and MGB, CB in this population differed 
significantly with MGB but not with SSD and RGB. In AX222, SSD, RGB 
and MGB did not differ statistically in their estimates and were aU 
significantly higher than CB, In AX232, MGB had the highest estimate 
and was statistically different from all the rest, SSD was followed 
by CB and RGB; however, the last two were not different from each other 
at the 1^ level of probability. These inconsistencies of results for 
yield could be due to large experimental errors as evidence by large 
coefficients of variation for this character in the two tests, which 
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Table 11. Correlation between characters based on combined data 
Characters Cross Maturity Seed 
size Lodging Height 
Yield AX221 
AX222 
AX232 
0.08 
-0.06 
0.01 o
 o
 o
 
*
 
*
 
1 
1 
1 
*
 
*
 
*
 
*
 
*
 
*
 
0.11** 
0.19** 
0.18** 
Maturity AX221 
AX222 
AX232 
0.30** 
-0.12** 
0.19** 
,01 
.21** 
.14** o
 o
 o
 
Seed size AX221 
AX222 
AX232 
.21** 
-.08 
.23** 
1 
o
 o
 o
 
*
 
*
 
Lodging AX221 
AX222 
AX232 o
 o
 o
 
*
 
*
 *
 
••Significant at the level of probability. 
were 30.1^ at Ames, and 24,65$ at Kanawha (Table ?)• 
The estimates of genetic variances for yield at Ames and Kanawha 
were transformed to natural logarithms to stabilize the variance and 
analyzed as a split-plot experiment with crosses as main plots and 
locations as replicates. The means of the four methods and the analysis 
of variance are shown in Table 14, The mean estimates of genetic 
variance of the four methods did not differ significantly. 
Tables 12 and 13 show that MGB and SSD had similar estimates of 
genetic variance for maturity in AX221 in both locations. Also they 
were significantly higher than CB and RGB at both locations. CB and 
RGB had similar estimates at Ames; however, at Kanawha, CB had a signi­
ficantly higher estimate in AX221, MGB had also the highest estimate 
Table 12. Estimates of genetic variance of the random lines within a cross-method combination 
at Ames 
Cross Method Yield^ (g/plot) Maturity^ 
Seed size^ 
(g/50s) 
AX221 SSD 11.3 11.2 (7-17) 0.96 (.64-1.5 ) 
RGB 3.^ 6.9 (5-11) 0.27 (.16- .44) 
MSB 18.4" ( 0- 50) 10.4 (7-16) 0.39 (.25- .62) 
CB 29.1 ( 9- 61) 4.4 (3- 7) 0.34 (.21- ,56) 
AX222 SSD 30.0 (10- 62) 3.8 (2- 6) 0.23 (.13- .42) 
RGB 5.1 4.0 (3- 6) 0.32 (.19- .55) 
MGB 19.9 ( 0- 5^) 8.1 (6-12) 0.32 (.20- .52) 
GB 8.6 6.7 (4-10) 0.41 (.27- ,63) 
AX232 SSD 11.1 5.3 (2-10) 0.66 (.44-1.04) 
RGB 58.7 (25-112) 5.4 (4- 9) 0.37 (.23- ,62) 
MjB 41.6 (17- 81) 8.6 (6-13) 0.45 (.27- .74) 
CB 19.3 ( 0- 53) 5.0 (3- 8) 0.49 (.31- .79) 
^Values with no confidence Interval are not significant at the 10^ level of probability, 
estimates are significant at the 1^ level of probability. 
Table 13. Estimates of genetic variance of the random lines within a cross-method combination 
at Kanawha 
Cross Method Yield* (g/plot) Maturity Lodging' 
Height^ 
(cm) 
Seed size^ 
(g/50s) 
AX221 SSD 10.5 ( 0-27) 
RGB 26.4 (14-47) 
MGB 6.6 ( 0-20) 
CB 18.5 ( 7-37) 
AX222 SSD 13.1 ( 1-32) 
RGB 27.2 (11-53) 
MSB 24.2 ( 9-50) 
GB 0.3 
AX232 SSD 11.4 ( 0-31) 
RGB 1.3 
MGB 30.4 (13-58) 
GB 9.7 
14.8 (10-23) 
6.3 ( 4-10) 
19.0 (13-29) 
9.9 ( 7-15) 
8.6 ( 6-13) 
9.1 ( 6-14) 
14.5 (10-22) 
10.4 ( 7-16) 
9.6 ( 7-15) 
6.3 ( 6-13) 
13.2 ( 9-20) 
9.7 ( 7-15) 
.043 (.025-.072) 
.048 (.027— 083) 
,033 (.016-.061) 
.038 (.020-.067) 
.071 (.045-.115) 
.091 (.058-.145) 
.090 (.056-.146) 
.085 (.053-.139) 
.035 (.018-.063) 
.061 (.036-.102) 
.043 (.023-.075) 
.064 (.039-104) 
43.0 (28- 67) 
29.8 (19- 48) 
46.5 (31- 73) 
28.6 (16- 46) 
78.2 (53-120) 
65.4 (42-104) 
106.3 (71-165) 
78.8 (52-124) 
24.4 (14- 41) 
32.8 (21- 53) 
41.6 (27- 65) 
31.5 (20- 50) 
1.31 (.90-1.99) 
0.49 (.28- .83) 
0.43 (.26- .68) 
0.78 (.53-1.23) 
0.56 (.36- .89) 
0.54 (.35- .85) 
0.30 (.37- .97) 
0.30 (.16- .54) 
0.86 (.58-1.35) 
0.56 (.36- .86) 
0.69 (.43-1.12) 
0.60 (.39- .91) 
^Values with no confidsnce interval are not significant at the 10% level of probability. 
^All estimates are significant at the 1% level of probability. 
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Table 14. Estimates of genetic variances and the corresponding 
analysis of variance for yield, maturity and seed size 
across crosses and locations 
Method Yield®" Method Maturity^ Method Seed size* 
MGB 23.5 M3B 12.3 SSD 0.77 
RGB 20.4 SSD 8.9 CB 0.49 
SSD 14.6 CB 7.7 MGB 0.43 
CB 14.2 RGB 6.7 RGB 0.42 
Analysis of Variance® 
Mean squares 
Yield Maturity Seed size 
Crosses (C) 2 0.37 0.12 0.52* 
Location 1 I.76 8.93** 6.51 
E (a) 2 0.87 0.04 0.02 
Method (M) 3 0.97 0.40** O.38* 
C X M 6 1,47 0.10 0.14 
E (b) 9 1.53 0.03 0.06 
Values under a bar are not different at a = .05. 
^Values under the bar are not different at a = .01, 
^Values are in natural logarithm. 
*F-value significant at the 5/5 level of probability. 
»*F-value significant at the 10^ level of probability. 
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of genetic variance for maturity in AX222 and AX232 at both locations. 
In Kanawha, SSD, RGB and CB did not differ statistically in AX222 and 
AX232, At Ames, the above three methods had similar estimates in 
AX232; however, CB had a significantly higher estimate than SSD in 
AX222, The combined analysis in Table .14 shows that across crosses 
MGB had a significantly higher estimate of genetic variance compared 
with the other three methods. The latter three methods did not differ 
significantly. The estimates of genetic variance for maturity obtained 
in the two locations were also statistically different. 
Estimates of genetic variance for seed size at Ames are presented 
in Table 12, SSD had the greatest variance estimate in AX221, and was 
different from that of the other methods at the I56 level of probability. 
The latter three had similar estimates. Di AX222, CB, MGB and RGB 
had similar estimates. The latter two methods were also similar to 
SSD; however, CB was significantly higher than SSD in this cross. In 
AX232, SSD, MGB and CB had similar estimates. The latter two methods 
also had similar estimates with RGB; however, SSD was significantly 
higher than RGB. The estimates for Kanawha are shown in Table 13. SSD 
had consistently higher estimates of genetic variance for seed size in 
the three crosses. SSD was significantly higher than RGB and MGB in 
AX221, MSB and GB in AX222, and RGB in AX232. The combined analysis 
shows that SSD was significantly higher than the other three methods and 
the latter three did not differ from each other (P > .05). 
Estimates of genetic variance for plant height and lodging score 
at Kanawha are shown in Table 13. No differences in the estimates of 
genetic variance for lodging were obtained among the four methods in all 
three crosses. In plant height, the methods had similar estimates in 
AX221. MGBt SSD and CB had similar estimates in AX222, The latter two 
methods did not differ statistically with RGB; however, MaB had a 
significantly higher estimate than RGB in this cross. In AX232, MGB, 
CB and RGB had similar estimates. MGB was also significantly higher 
than SSD while the other two were not. 
The estimates of genetic variance given above for all characters 
were obtained for an individual location. These, therefore, are biased 
estimates of genetic variance since the expectation is Og + o|]^. A 
combined analysis was made on the data obtained in the two locations to 
separate the two variances given above (Table 15) o SSD, RGB and MGB 
had similar estimates of genetic variance for yield and were signifi­
cantly higher than CB in AX221. Although individual estimates of 
genetic variance in each location for CB were high in this cross, a 
greater portion of the variability was due to In Table 15* the 
estimates of 0^, Og for GB in AX221 included four replicates 
because the other two replicates were not in agreement with the rest. 
It could be due to the fact that at Ames they were situated in a water 
way so that the values of the genotypes in these replicates were not 
true measures of their yield potentials. A similar situation existed 
with SSD in AX222, 
RGB was the only cross that had significant F test for yield in 
AX222, SSD and MGB, although high in their estimates of genetic variance 
in the individual locations, had most of their genetic variability due 
2 
to OgjL# An examination of their means showed many reversals in the 
ranks of the random lines. In AX232, MGB and RGB had similar estimates 
Table I5. Estimates of genotypic variances (a|) genotype-environment interaction (o^^) ^.nd experi­
mental error (Og) for yield, maturity, and seed size from the combined Ame-?, and Kanawha 
experiment 
Yield Ifetiirity Seed size 
Cross Method a „2b (^ 1 (^ 6 4^ il 
AX221 SSD 13.6 ( 3-29) 0 173.9 13.2 (9-20) 0 5.8 1.09 (.71-1.66) .04 0.42 
RGB 12.1 ( 3-25) 0 160.5 6.0 (4- 9) 0.58* 2.9 .36 (.22- .58) .02 0.46 
MGB 7.2 ( 0-18) 1.2 182.0 14.0 (9-21) 0.69* 3.4 .34 (.20- .54) .07** 0.32 
CBO 6.1 29.9** 153.4 6.5 (4-10) 0.67* 3.4 .46 (.28- .74) .10** 0.35 
AX222 SSD° 6.3 20.7* 198.9 5.2 (3- 8) 1.00** 2.8 .36 (.22- .57) .03 0.35 
RGB 10.1 ( 0-25) 6.4 185.4 5.6 (3- 9) 0.95* 2.9 .32 (.17- .53) .11*» 0.39 
MGB 0.0 17.2* 202.2 10.5 (7-16) 0.81** 2.9 .31 (.16- .53) .14** 0.41 
CB 3.9 0.5 198.2 7.9 (5-12) 0.64* 3.3 .27 (.14- .44) .09** 0.35 
AX232 SSD 1.4 9.8 237.4 7.7 (5-12) 0 7.7 .64 (.39-1.01) .12** 0.38 
RGB 13.7 ( 0-34) 13.4 248.7 6.5 (4-10) 0.35 3.2 .37 (.22- .60) .09** 0.34 
MGB 28.7 (12-52) 8.6 187.2 10.2 (7-15) 0.68** 3.0 .50 (.29- .78) .07 0.53 
CB 11.8 ( 2-27) 2.8 218.6 6.7 (4-10) 0.67** 2.7 .51 (.32- .79) .03 0.31 
*F value significant at the 5^ level of probability. 
value significant at the 1^ level of probability, 
^Values with no confidence interval are not significant at the 5^ level of probability. 
^All values are significant at the 1$ level of probability. 
°Based on four replicates. 
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of genetic variance for yield, and were significantly higher than that. 
of CB and SSD. CB and RGB had similar values and were likewise signifi­
cantly higher than SSD which had the lowest estimate in this cross. 
Genotype x environment interactions were significant in all methods in 
this crosSo 
MGB and SSD had similar estimates of genetic variance for maturity 
in AX221 (Table 15)o Both were significantly higher than SSD and CB, 
The latter two methods did not differ statistically. MGB and CB had 
similar estimates in AX222 and the former was significantly higher than 
SSD and RGB; however, CB was not different from the two, Ih AX232, 
MGB and SSD had similar estimates and again the former was larger than 
RGB and CB at the 5$ level of probability, but SSD was not. Genotype x 
environment interactions were much lower than the actual estimates of 
genetic variance. 
Although SSD had the highest estimate of genetic variance for 
seed size in these three crosses, it was significantly different with 
those of the other methods only in AX221 and with RGB in AX222. RGB, 
MGB and CB had similar estimates in all the three crosses. 
Heritability 
Heritability estimates for the four methods in each cross are 
presented in Table l6. Individual location estimates are heritabilities 
in the broad sense while estimates based on combined data for yield, 
maturity and seed size are heritabilities in the narrow sense. The 
differences in heritability estimates between methods at Ames, Kanawha 
and combined were largely due to their differences in amount of genotypic 
Table l6. Heritability estimates of all characters at Ames (A), Kanawha (K) and combined (C) 
Cross Method Yield Maturity Seed size Lodging; K A K C A K c A K C K 
AX221 SSD 21.1 30.7 48.4 82,6 90.8 93.2 85.0 92.2 92.4 70.5 84.8 
RGB 7.4 60.5 47.6 87.0 87.4 88.6 73.6 70.0 8O06 66.7 80.1 
MGB 28.7 23.5 31.3 89.3 94.9 93.9 81.7 77.1 79.4 57.5 85.3 
CB 43.8 49.3 18.0 76.6 91.4 87.8 75.7 86,0 80.9 62.8 76.5 
AX222 SSD 44.6 33.4 19.0 79.5 90.5 84.2 67.0 82.4 83.1 77.4 89.7 
RGB 11.0 51.4 34.9 78.5 91.4 85.3 69.3 82.1 72.7 79.3 80.4 
MGB 28.5 46.5 0.0 89.0 93.9 92.2 77.2 76.8 69.2 76.2 87.4 
CB 19.0 1.0 20.2 en.4 91.6 90.1 87.2 63.6 72.3 76.4 84.5 
M232 SSD 18.1 28.2 4.5 53.6 94.5 85.7 85.4 85.7 83.8 59.7 71.5 
RGB 52.9 3.6 33.4 81.1 90.8 90.2 74.7 84.8 78.4 72.2 78.7 
MGB 50.6 53.6 59.0 86.9 94.8 92.4 73.6 78.2 80.2 62.7 84.1 
CB 28.0 29.5 43.4 82.2 93.4 89.6 79.5 88.2 88.4 75.1 82.4 
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variance. The rankings of the different methods based on size of its 
heritability estimate at each location were similar to their rankings 
based on the amount of genetic variance. The narrow sense estimates 
for yield in this study ranged from 0 to 59^. Here o|]_ played an 
important role in the estimation since it was greater than Og in some 
methods. For example in AX222, SSD had a larger estimate of than 
had CB, but heritability of the latter was greater. 
Similar estimates of heritability for maturity and seed size are 
shown in Table l6. Generally, the differences of estimates obtained 
in the four methods were due to their differences in genetic variance. 
Even though estimates were significant, they were much smaller 
compared to the corresponding estimates of o^. Narrow sense estimates 
ranged from 84.2 to 93.9^ for maturity and 72.3 to 92.^5^ for seed size. 
Only broad sense estimates of heritability are estimable for lodging 
and height since these characters were observed only at Kanawha. 
Differences in heritability estimates for these two characters also 
generally followed the differences in the estimate of genetic variance 
for lodging and height. 
Genetic advance 
The predicted genetic advance in percent of the mean that could 
be realized if the top 5/^ of the random lines were selected are shown 
in Table 17. The estimates for all characters at Ames, Kanawha and 
combined followed closely the rankings of the genetic variance of the 
corresponding character. This indicates that the four methods did not 
differ much in their total phenotypic variance. 
Table 17, Predicted genetic advance (in $ of the mean) that could be realized by selecting the top 
5^ of the random lines at Ames (A), Kanawha (K) and combined (C) 
Cross Method Yield (fit/plot) Maturity Seed size(r/50s) Lodging Height A K C A K C A K C K K 
AX221 SSD 6.3 7.6 10,6 38.2 46,6 44,4 19.2 21.7 20.6 23.5 14.6 
RGB 2.1 17.6 10.5 32.4 30.9 30.4 9.7 12.1 11.4 23.1 11.6 
MGB 9.3 5.3 6.2 41.0 60.7 50,5 12.3 11.8 11.0 19.0 15.6 
CB 15.7 13.1 4.6 25.3 38.9 31.9 10.9 16.3 12.6 20.8 10.6 
AX222 SSD 15.7 9.6 4.8 20.6 33.0 24.8 9.1 15.6 12.7 30,0 18.8 
RGB 3.0 18.2 8.3 20.6 30.0 23.9 11.4 15.8 11.5 27.0 15.0 
MSB 9.8 16.2 0.0 31.5 41,6 35.8 11.7 11.3 10,9 28.8 20,7 
CB 5.5 0.3 4.2 26,7 33.0 29,2 14.2 10.5 10.6 28.2 17.8 
AX232 SSD 5.7 7.4 0.9 20,5 36.2 30.9 15.9 17.3 15.2 20,6 10,2 
RGB 21.2 0.9 8.6 23.7 29.7 26.8 11.5 14.0 11.4 28.7 11.6 
M3B 16.7 17.3 17.2 33.7 39.6 35.9 12.4 14.7 13.1 22.5 13.9 
CB 9.2 7.3 9.1 23.1 32,6 27.2 13.4 14.4 13.8 30.8 11,8 
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Percent of lines significantly higher and lower in yield than the 
population mean are shown in Table 18. SSD and MGB had more superior 
lines than RGB and CB in AX221 at both locations. In AK222, CB had the 
fewest lines, whereas in AX232 RGB had the least number of lines. 
Because of large for yield fewer lines were superior in the combined ge 
analysis. For example, in AX232 not one of the lines superior in SSD 
at Ames and Kanawha was outstanding in the combined analysis. This 
suggests that they were entirely different sets of lines (Table 18). 
Percent of lines earlier in maturity than the earliest parent and 
later than the late-maturing parents are shown in Table 18. SSD and 
MGB had the most early lines in AX221 and MGB and CB in AX222. SSD 
and CB had the most late lines in AX221 and AX222. No transgressive 
segregant for lateness was observed in AX232. 
The percent of lines superior to the better parent in seed size 
are shown in Table 19. SSD had the most lines in AX221 and AX.222. No 
line was superior to the mean of the population at the 5^ level of 
probability in AX232 for seed size. CB and MGB, CB and RGB were the 
only two methods' with desirable transgressive segregants for lodging 
in AX221 and AX222, respectively. AX232 had about 20 times more lines 
of desirable lodging score in the three crosses. CB had also the most 
number of desirable lines in this cross (Table 19). SSD and RGB were 
the only methods with transgressive segregates for height in AX221 and 
AX232, respectively. RGB had also the highest number in AX222. 
Table 18. Percent of lines significantly higher and lower in yield than the population mean, and 
lines earlier and later in maturity than the earlier or later maturing parents at 
Ames (A), Kanawha (K) and combined (C) 
Cross Method 
Yield (g/plot) Yield (g/plot) Maturity Maturity 
No > 
A 
popn. 
K 
mean 
C 
No 
A 
< Popn. 
'K 
mean 
C 
No < early parent 
A K C 
No > late parent 
A K C 
AXZ21 SSD 6.7 4.4 4.4 4.4 2.2 0 13.3 13.3 15.6 8.9 4.4 13.3 
RGB 0 0 0 4.4 4.4 2.2 4.4 2.2 2.2 0 2.2 4.4 
MGB 6.7 2.2 4.4 0 0 0 8.9 22.2 15.6 0 2.2 6.7 
CE 4.4 0 0 4.4 11.2 0 4.4 8.9 4.4 0 4.4 6.7 
AX222 SSD 4.4 6.7 2.2 2.2 2.2 0 2.2 37.8 15.6 4.4 6.7 4.4 
RGB 4.4 4.4 4.4 0 6.7 0 2.2 11.1 2.2 6.7 31.1 8.9 
MGB 8.9 4.4 0 4.4 6.7 0 6.7 31.1 11.1 8.9 20.0 13.3 
CB 2.2 0 0 2.2 8.9 0 6o7 13.3 11.1 20.0 17.8 13.3 
AX232 SSD 4.4 4.4 0 2.2 2.2 0 2.2 2.2 24.4 0 0 0 
RGB 15.6 4.4 2.2 4.4 0 0 2.2 0 8.9 0 0 0 
MGB 8.9 4.4 4.4 2.2 2.2 2.2 2.2 2.2 24.4 0 0 0 
CB 6.7 2.2 2.2 2.2 4.4 2.2 0 2.2 11.1 0 0 0 
Table 19. Percent of lines superior to the better parait in seed size, lodging and height at Ames 
(A), Kanawha (K) and combined (C) 
Cross Method Seed size (p/50s) Lodging Height (cm) 
A K C K K 
AX221 
AX222 
AX232 
SSD 4.4 2.2 4.4 0 2.2 
RGB 0 0 0 0 0 
MGB 0 0 0 4.4 0 
CB 0 0 0 2.2 0 
SSD 11.1 11,1 15.6 2.2 13.3 
RGB 4.4 2.2 6.7 0 24.4 
MGB 4.4 8.9 11.1 0 20.0 
CB 8.9 2.2 8.9 2.2 11.1 
SSD 0 0 0 24.4 0 
RGB 0 0 0 24.4 2.2 
MGB 0 0 0 24.4 0 
CB 0 0 0 31.1 0 
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Comparison of the Bulk Methods in Varietal Blends 
The chi-square values comparing the four methods with SSD in the 
four populations are shown in Table 20. All values exceeded the 1^ 
level of probability. This means that the four bulk methods were in 
poor fit with SSD and therefore, were inefficient in maintaining the 
identity" of the blends. The size of their respective chi-square values 
was also used to compare the four methods with each other. 
The analysis of variance shows that the four populations differed 
in their means at the 10^ level of probability. The population by 
method interaction was also significant at the same level of proba­
bility. Comparison of methods within a given population shows that 
all the methods were equally efficient in populations 1 and 3 (Table 
20). In population 2, CB had the poorest fit with SSD and was signifi­
cantly lower than that of the other three methods. RGB and MGB had 
similar values in population 4, whereas CB had the largest chi-square 
value and was significantly different from those of the other methods. 
MS had the next largest chi-square values and was different from that 
of the other three methods at the Vja level of probability. 
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Table 20. Chi-square values and analysis of variance of the four 
sampling methods compared with SSD& 
Methods^ P o p u l a t i o n  I II III IV Mean 
RGB 30.1 36.6 36.3 27.9 32.7 
MGB 37.5 28.4 36.1 25.2 31.8 
MS 17.9 26.8 41.0 60.3 36.5 
CB 23.0 79.0 28.5 180.4 77.7 
Mean 27.1 42.7 35.5 73.4 
Analysis of Variance® 
s.v. d.f. s.s. M.S. 
Replications 1 0.2 
Populations (?) 3 28.5 9.5» 
E (a) 3 4.3 1.4 
Methods (M) 3 29.2 9.7 
M X P 9 77.6 8.6+ 
E (b) 12 45.4 3.8 
^The means are in actual values, 
^Methods under the bars are not different at the 10^ level of 
probability. 
^Values are in ^x+1 . 
+F value significant at the 10% level of probability» 
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DISCUSSION 
In plant populations undergoing natural selection, the factors for 
survival are the number of seeds a plant produces and the percentage of 
those seeds that will grow and become parents in the next generation. 
Therefore, the extent of influence natural selection has in self-
fertilizing hybrid populations handled as bulk depends on how sampling 
was done, the nature of competition, the inheritance of the character, 
and the number of generations the population was handled as bulk. If 
competition and segregation do not occur, the whole process simply 
involves making sure that all genotypes or classes of genotypes are 
maintained in the population. This situation was exemplyfied by the 
sampling experiment using varietal blends 1 and 3- The varieties used 
in these composites had narrow maturity and lodging ranges, so that 
natural selection was not able to differentiate successfully among the 
four bulk methods. The results in the above two populations showed 
that SSD was the most efficient method of maintaining the identity of 
the blends and the other four methods were equally efficient. 
Populations 3 and 4 of the varietal blend study simulated the 
situation in which there is no segregation; however, competition 
occurred which resulted in natural selection and differences in response 
of the sampling methods. In population 2, the varieties differed in 
maturity by about 25 days. CB was the most inefficient method in 
maintaining the identity of the blend. The sampling procedure for this 
method favored the high yielding, late varieties. Since these varieties 
had more seeds, they were more frequent in the population and thus had 
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a greater chance,of being included in the sample of CB. This 
superiority of CB to accentuate the effects of natural selection had 
been forwarded as a decisive advantage of CB over any other breeding 
method for self-fertilizing crops (Allard, i960). However, its 
desirability in this situation was due to the fact that the favored 
genotypes were the agronomically desirable ones. RGB, MGB and MS were 
equally efficient in maintaining the identity of the blend but were 
inferior to SSD. This suggests that, if there is no segregation and 
natural selection favors the agronomically undesirable types, these 
four methods could diminish the pressure of natural selection. 
Natural selection was similarly important in population however, 
the pressure was on lodging, RGB and MSB were equally efficient in 
maintaining the identity of the blend and were more efficient compared 
to I-dS and CB. The sampling procedure used in generating the popula­
tions for MS was unable to sample plants that lodged lower than 30 cm. 
On the other hand, lodged plants that lost their pods would have less 
chance of being sampled by CB© MS and CB do not necessarily favor the 
same varieties since, if a plant lodged such that it is below the 
sampling point of MS, it will not be included in the sample, but will 
be well represented in CB if it does not lose pods. Again the nature 
of the effects of natural selection was desirable in population 4 
because it culled out plants that lodged. Since ÎB had a good control 
of the components of the blend in this population, it is a fast and 
efficient method of doing mass selection for lodging. The pressure 
could bo increased or decreased easily by lowering or increasing the 
sampling point. 
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In hybrid populations handled as bulk, segregation as well as 
competition occurs. The nature of competition in segregating popula­
tions is such that the poorest competitors are eliminated first, and 
the medium competitors would stay in the population until the poorest 
genotypes are of such low frequencies that they are not of significance 
in competition (Allard, I96O), However, segregation will supply new, 
poor competitors until the inbreeding coefficient of the population 
becomes relatively high. If a single, two allele locus is considered 
and the poor competitor is the recessive individual, and if natural 
selection eliminates half of them every generation, the frequency of 
the recessive genotypes will be 0.25 in the Pg and 0.23 in the F^. If 
there is no segregation the frequency in the should have been 0,14. 
Therefore, a population handled as a bulk in a short time changes very 
slowly in its population structure unless there is a high degree of 
selection prassurg aliminating the poor competitors. This has been 
the experience of many breeders, especially for quantitatively inherited 
traits. Significant shifts usually do not occur until about the 15th 
generation (Suneson, 195^). In blend population 2 natural selection 
was drastic even in one growing season because the varieties were so 
chosen that the late types were generally higher yielding compared to 
the early types, thus simulating an acute selection pressure against 
early genotypes. 
The influence of natural selection on bulk hybrid populations was 
evaluated in this study by examining the genetic stmcture of the four 
bulk populations in the three crosses. The first test made was to 
compare the population means with their respective mid-parental values. 
The results showed that, generally, the deviations were not significant 
(Table 21), Only three significant cases were observed and these were 
occasions in which the parents were unusually high as compared to their 
average in the test. The deviation from mid-parental value is a 
desirable index of natural selection in simple genetic cases where all 
genetic variability is additive. However, epistasis and linkage may 
have affected the results in this study. On the other hand, it could 
be argued that natural selection was not strong enough to shift the • 
population means away from the mid-parental mean or the number of 
generations of sampling were too few to cause the population means to 
differ from its mid-parental value. However, there is evidence that 
natural selection had shifted the means of the four methods in this study 
for height, and maturity as shown by their means and estimates of 
genetic variances. 
The maturity means of SSD, RGB, and CB in the combined data show 
that these populations shifted towards lateness in AX221 (Table 10), 
In SSD, there were more transgressive segregants compared to that of 
the other three methods (Table 18), Since genetic variance was higher 
for MGB than SSD in this cross (Table 15)» the latter may have lost some 
of its early lines, so that even though SSD and ffiB had equal amounts of 
early transgressive segregants, the means of these segregants were . 
earlier in the latter method. This is conceivable since competition is 
more accute in SSD because it is a mixture of plants of different 
maturities, whereas in MGB the early genotypes were grown together in a 
plot and separated from the medium and late maturing plants. This 
happened since when the SSD rows were picked, there were some early 
Table 21, Deviations of means of random lines of each method from the mid-parent mean at Ames (A) 
and Kanawha (K) 
Cross Method Yield Ce/plot) Maturity Seed size (e/50s) Lodging Height (am' 
A K A K A K K K 
AX221 SSD 3.5 3.5 -0.6 -1.4 -0.11 -0.07 -0.14 -3 
RGB 3.7 -3.6 -0.7 -0.7 0.02 -1.23* -0.03 0 
MG3 1.0 1.1 -1.9 -3.1** -0.17 0.02 0.06 -4 
CB 8.7 -3.4 0.7 -2.3+ -0.05 -0.21 -0.07 -1 
AX222 SSD 7.4 8.7 -1.3 -0.8 0.36 0.22 -0.03 -3 
RGB —0 « 2 1.0 0.1 -0.5 -0.20 -0.10 0.06 1 
MGB —6,7 -0.5 -0.4 0.6 -0.01 -0.34 -0.04 -6 
GB -2.3 -2.3 1.2 -1.0 0.39 -0.29 0.15 -1 
AX232 - SSD 0.2 -3.8 -1.6 -3.0 0.35 0.29 -0.08 -2 
RGB -2.1 7.8 —1.0 -1.0 -0.22 -0.18 -0.23 3 
MGB 4.3 -0.4 0.4 -1.4 -0.21 0.09 -0.05 -3 
CB 4.9 4.4 -0.7 0.7 -0.11 -0.11 -0.08 1 
-•Significant at the 10^ level of probability. 
^Significant at the 5$ level of probability. 
^•Significant at the 1^ level of probability. 
maturing plants that were usually short and did not have pods. RGB and 
CB seemed to have lost many early genotypes as shown by the small 
number of early transgressive segregates in these two bulk"populations. 
These early plants may have been lost due to competition as exemplified 
in SSD or to a slower pressure of gradual elimination if these plants 
produce fewer seeds compared to the late types. In AX222 and AX232, 
SfiD shifted towards earliness, whereas RGB and CB moved towards late­
ness. The large amount of genetic variance for MGB in these two crosses 
(Table 13) indicates that this method had extreme deviants in maturity 
in these two crosses. 
Natural selection seemed to have favored tall genotypes in crosses 
AX22?, and AX232 as shown by the differences in the means of SSD with 
the means of RGB and CB (Table 10). The correlation coefficients 
between yield and height, and height and maturity in the ranged from 
0.18 - 0.19 and 0.l6 - 0.21, respectively. It is possible that closer 
associations may have occurred in the early segregating generation due 
to linkage. If tall plants in the above two crosses were favored 
because they had more seeds, such tall genotypes would have occurred 
more frequent in CB populations. GB should have responded more 
effectively to this pressure than RGB by having taller populations. 
However, RGB was the method with the tallest plants signifying that 
total seeds produced was not the decisive factor. The sampling pro­
cedure used in generating RGB populations could have been more 
efficient only if the tall plants had on the average more side branches 
so that more nodes were sampled. The plants which seemed to have been 
favored by natural selection in these crosses are late maturing, tall 
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plants. Extreme tallness was, however, checked through lodging. 
Natural selection did not cause significant shifts in the mean 
yields of the four bulk populations. Shifts in yield should reflect the 
effects of natural selection on its components, namely seed size and seed 
number. There is no evidence in this study that seed size was an impor­
tant factor for survival. On the other hand, the combined data on seed 
size and yield of RGB and SSD in Table 8 seem to indicate that the tall 
plants in these three crosses had smaller seeds and the shorter types 
had larger seeds so that, if natural selection favored the tall plants, 
no significant changes in yield would occur as shown in the similar 
combined y ie lds  of  SSD and RGB (Table  9) ,  
The desirability of any breeding method is determined by the 
number of superior genotypes that can be derived from its populations 
and the expenditure in terms of time and money in handling the program. 
Therefore, for the first criterion, a population with a high mean and 
large genetic variance is desired since it will have a greater proba­
bility of superior genotypes. Since the methods had equal means for 
yield in Ames, the method with the largest genetic variance would be 
more desirable. Tables 12 and 18 show that RGB and GB had fewer 
superior genotypes in AX221 and AX222 since they had the lowest genetic 
variances in these two crosses, ^ Similarly, in AX232 where SSD had the 
lowest genetic variance it had the fewest number of high-yielding lines 
(Table 18), SSD had the greatest number of superior lines for AX221 
and AX222 in Kanawha which was due to its large mean since the genetic 
variance of this method was not the largest in this cross at Kanawha, 
Also SSD was as good as RGB and M3B and was superior to GB in AX232, 
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even though it had the smallest variance among the four methods in 
this cross. In Ames, RGB had the greatest number of superior geno­
types in AX232 and SSD had the least. 
SSD and MGB are, therefore, superior to GB and RGB in AX2.21 and 
AX222 as shown by the number of superior genotypes they produce. 3h 
AX232, though they were lower than RGB, still 4.4$ of their lines were 
superior. The inferiority of CB is indicated because it had the lowest 
amount of superior lines in all three crosses in Kanawha and in AX222 
in Ames. RGB also had the lowest in AX221 in both Ames and Kanawha. 
RGB and GB were also the only methods with no superior lines, RGB 
having none in AX221 at both locations, whereas GB had none in Kanawha 
for both AX221 and AX222. Interaction between methods and crosses are 
shown by the results of RGB in AX221 and AX232 and of SSD in the same 
crosses. 
Genotype x environment interaction was important in GB in AX221 
and in SSD and MGB in AX222, but was nonsignificant for all 4 methods 
in AXP32. The inconsistency of the estimates for indicates the 
inefficiency of estimating with only 2 locations. CB had no 
superior lines in the combined test in two crosses while the other 
three methods, in only one cross. However, this merely indicates that 
the superior lines were different in the two locations, which is indi­
cated by their large estimates of (Table 15)» gx© 
An objection often raised against SSD is that the breeder carries 
a lot of poor genotypes in the population. This, however, was not true 
in the three populations in this study as shown by the percentage of 
lines significantly lower in yield than the population mean (Table 18), 
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SSD was the only method that did not have the most undesirable lines in 
all three crosses at both locations. CB had the most undesirable lines 
in all three crosses in Kanawha with a range of 4 to 11$ of its lines 
significantly below the population mean. This reflects the fact that 
natural selection was not strong enough to shift significantly the mean 
yields of the four methods. In order that natural selection could 
operate successfully in a population, one should have a character for 
fitness on which natural selection could have an effect and a large 
amount of genetic variability for that character. However, this is 
not the way populations exist in a breeding program, for even in 
introgression crosses, oftentimes the breeder tests the adaptability 
of the introduced varieties and uses only those that do relatively 
well in that particular environment. Under this condition, this study 
seems to indicate that CB is not the method to use in handling the 
hybrid populations. 
With the exception of CB, RGB is the easiest way of handling bulk 
hybrid populations; however, it is the most variable method in its 
results. MSB is the most difficult, since one has to reclassify the 
population into maturity groups every generation. SSD is also time-
consuming but is not as bad as MxB, and since the two are the best 
methods in terms of the number of superior lines, SSD is the logical 
choice of handling bulk hybrid populations. 
In terras of progress per year, the progenies in each bulk method 
can be planted in the greenhouse for two generations. However, 
varieties react differently under greenhouse conditions such that a 
good field competitor might not be successful in the greenhouse. Such 
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is the case of the variety Corsoy, which is a high yielding variety 
here in Iowa but is a poor seed producer in the greenhouse. Since 
SSD requires only one seed from each genotype irregardless of its 
competitive value, artificial plant cultures would not affect it. 
However, the other three methods are more dependent on natural selection 
in their performance as a bulk method of handling segregating progenies, 
so that changes in survival characteristics of genotypes from natural to 
artificial plant cultures will affect their efficiency. Therefore, 
maximum genetic gain per unit of time can only be achieved in SSD by 
growing as many generations as possible in one year. This alone is a 
deciding advantage over other breeding methods. 
A drawback of SSD is that selection ior characters of low heri-
tability is inefficient in single plant basis. However, the heritability 
estimates (Table l6) for all the characters in this study except yield 
are high signifying that single plant selection can be effective. 
Another objection to SSD is that selection might not be efficient for 
any character except disease resistance when the plants are in the 
greenhouse because of the artificial environmental conditions. 
Seed size is a component of yield; therefore, the superiority of 
the method will again be evaluated based on the number of large seeded 
genotypes that it produces, SSD had the highest mean and estimate of 
genetic variance for seed size at both Ames and Kanawha (Tables 10, 12 
and 13)• Consequently, it should have more large seeded genotypes in 
the population. Table 19 shows that SSD was the only method that had 
large seeded, transgressive segregates in AX221, It was also the best 
method in AX222 followed by MGB, CB and RGB, respectively. Genotype x 
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environment interactions were significant for some methods; however, 
their magnitudes were small compared to genetic variance, so that the 
methods could be compared based on their total amount of genetic 
variation free of bias due to genotype-environment interaction, SSD 
had the highest estimate of genetic variance in all three crosses and, 
since it had the highest mean in all crosses, it had the most superior 
lines (7^). MGB, CB and RGB had 4, 3» and 2?», respectively, 
MGB and SSD had the largest genetic variability for maturity in 
AX221 (Table 15) o The former was also superior in the other two crosses 
while the rest of the methods did not differ significantly. MGB and 
SSD also had the largest genetic variability in plant height in AX221 
and AX222; however, MGB x<ras significantly larger than SSD in AX232. 
Plant height was positi vely correlated with yield in this study with a 
correlation coefficient of Odl to 0,19. It is probable that the 
observed coefficients in this study were low because there was not 
much variability in the population since the very tall ones were lost 
or had their yields reduced by lodging. Since only about 4^ of the 
variability in yield was due to height, the character should be main­
tained with a large amount of variability so that among lines of 
superior yield, desired plant height could be chosen for greater 
efficiency in crop management. 
The correlations of maturity with the other characters were low 
with a range of 0.01 to 0.30» However, the data show that MGB is the 
only method with consistently high genetic variability in all the 
characters. Again these correlations were based on F. plants and 6 
probably larger values actually existed in the early generations. 
6? 
The restilts of this study show that SSD is the most efficient 
method of maintaining the identity of varietal blends, RGB, MGB, MS 
and CB are equally efficient if natural selection does not influence 
the population. CB is the method that could best exploit the effects of 
natural selection. However, MS has a better control of the effects of 
natural selection if the pressure is on lodging. 
Averaged across crosses and locations, the number of lines higher 
in yield than the mean of the population were 12, 10, ? and 5/^ for 
MGB, SSD, RGB and CB, respectively. RGB, however, was the most 
variable method in its results. SSD (5%) and MGB (5^) had the least, 
whereas CB (11#) had the most lines lower in yield than the population 
mean averaged across crosses and locations. RGB had 7% undesirable 
lines. 
CB is, therefore, the best method to use when there is a high 
degree of natural selection for agronomically desirable types; however, 
it is the most undesirable method when natural selection is mild such 
as in most breeding programs of self-fertilizing crops. SSD is the 
best method to use in situations where natural selection is mild for 
it gives a greater number of high yielding lines and high genetic 
variability in other plant characters. It also offers the greatest 
possible genetic gain per year fay growing the populations in the 
greenhouse. 
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SUMMKf AND CONCLUSIONS 
Five bulk breeding methods were compared in their effectiveness 
of maintaining the identity of four varietal blends, and of augmentine: 
the effects of natural selection. The four populations were mixtiires 
of equal amounts of 8 to 11 soybean varieties. Comparisons between 
methods were done by taking three lOO-seed samples from each method for 
each population, counting the number of seeds for each varietal com­
ponent, and fitting the means using chi-square. Single seed descent 
(S3D) was the most efficient method of maintaining the identity of the 
populations. Restricted cross bulk (ROB), maturity group bu].k (MGB), 
mechanical sampling (MS) and cross bulk (CB) were equally efficient 
when natural selection is negligible as in populations 1 and 3® CB 
and tiS were inefficient in maintaining the identity of the blends in 
population 4 where natural selection selected against lodging plants, 
CB was also inefficient in population 2 where natural selection favored 
tho late maturing types. 
SSD was the best method in counteracting the effects of natural 
selection. CB and MGB had efficiently augmented the pressiure of 
natural selection on lodging in population 4. CB also helped natural 
selection in favoring late types in population 2. The results of the 
experiment in varietal blends suggest that CB could best augment 
natural selection when agronomically desirable genotypes have the 
advantage in survival. However, if natural selection favors the 
agronomically undesirable genotypes, SSD is the best method to use if . 
maximum variability is desired. 
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S.3D, RGB, MGB and CB were also evaluated in three two-way hybrid 
populations of four homozygous soybean varieties. The above methods 
were imposed on the hybrid populations from the to the F^, In the 
F^, 4-5 random lines were picked for evaluation in the P^. The experi­
mental evaluations were conducted at Ames and, Kanawha, Iowa in I968. 
The methods were compared on the basis of means, genetic variances and 
percent superior lines. The effects of natural selection on the popu­
lations were likewise studied. 
Averaged over crosses and locations, the number of lines higher 
in yield than the mean of the population were 12, 10, 7 and 5^ for 
MGB, SSD, RGB and CB, respectively. RGB, however, was the most variable 
method in its results. For the number of lines lower in yield than the 
population mean averaged over crosses and locations the values were 
5. 5» 7 and 11;^ for SSD, MGB, RGB and CB, respectively. 
MGB had the greatest genetic variability in maturity followed by 
SSD, CB and RGB, respectively, S,SD had the largest genetic variability 
for seed size and the most number of superior lines. MGB had the most 
genetic variability in plant height followed by SSD, RGB and CB, 
respectively. 
Broad sense heritability estimates for lodging and plant height 
ranged from 58 to 79?^> and 72 to 90/5, respectively. Marrow sense 
heritability estimates for maturity and seed size ranged from 84- to 
and 69 to 92^, respectively. The narrow sense estimate for yield 
ranged from 0 to 59f'* 
Effects of natural selection was evident on plant height and 
maturity. No significant shifts were observed for yield, since the 
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correlation of the above two characters with yield were low. Natural 
selection seemed to have favored late maturing, tall plants of the 
hybrid populations. 
CB appears the best method to use when there is a high degree of 
natural selection for agronomically desirable types; however, it is the 
most undesirable method when natural selection is mild, SSD is the 
best method to use in situations where natural selection is mild for 
it gives a greater number of high yielding lines and high genetic 
variability in other plant characters, SSD also offers the greatest 
possible genetic gain per year because it permits growing the popula­
tions in the greenhouse. 
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